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(54) X-RAY GENERATING METHOD AND X-RAY GENERATING DEVICE 

(57)Abstract: 

PROBLEM TO BE SOLVED: To provide an X-ray 
generating device equipped with a function to adjust 
pulse laser to control X-ray intensity selectively, 
especially of a necessary specific wavelength in a device 
generating X-ray by applying ultra short light pulse laser 
or the like to a target. 

SOLUTION: The X-ray generating device is provided to 
measure X-ray intensity property by an X— ray 
spectroscope 10, feedback the measured result of the 
X-ray intensity of a specific wavelength to a control 
device 1 4, control time waveform of a laser beam on a 
target 7 at a light condensing position by changing an 
effective optical path length for every part of a laser 
light flux spreading to a vertical direction to a light axis 
in an optical transmission path by a space phase 
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distribution adjustment structure 3, and then make the 
X-ray intensity of the specific wavelength properly. 
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(54) X-RAY GENERATING METHOD AND X-RAY GENERATING DEVICE 

(57)Abstract: 

PROBLEM TO BE SOLVED: To provide an X-ray generating 
device equipped with a function to adjust pulse laser to control 
X-ray intensity selectively, especially of a necessary specific 
wavelength in a device generating X-ray by applying ultra short 
light pulse laser or the like to a target. 
SOLUTION: The X-ray generating device is provided to 
measure X-ray intensity property by an X-ray spectroscope 1 0, 
feedback the measured result of the X-ray intensity of a 
specific wavelength to a control device 1 4, control time 
waveform of a laser beam on a target 7 at a light condensing 
position by changing an effective optical path length for every 
part of a laser light flux spreading to a vertical direction to a 
light axis in an optical transmission path by a space phase 
distribution adjustment structure 3, and then make the X-ray 
intensity of the specific wavelength properly. 
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* NOTICES * 

JPO and NCI PI are not responsible for any 
damages caused by the use of this translation. 

1 .This document has been translated by computer. So the translation may not reflect the original precisely. 
2.**** shows the word which can not be translated. 
3. In the drawings, any words are not translated. 



CLAIMS 



[Claim(s)] 

[Claim 1] In the X-ray generator which carries out convergent radiotherapy of the laser beam to a target, and 
is made to generate an X-ray The pulse period wave of this laser beam in the location which the spectrum 
changed the effectual optical path length for every part of the flux of light which forms a breadth fourier 
side in the direction perpendicular to an optical axis all over the transmission line of a laser beam, adjusted 
space phase distribution, and condensed at said target is orthopedically operated to a predetermined pattern. 
The X-ray generating approach characterized by adjusting the pulse period wave of this laser beam so that it 
may be the approach of converging the laser beam after said adjustment and condensing at a target, the 
strength property of the X-ray to generate may be measured and X-ray intensity may become proper based 
on this measurement result. 

[Claim 2] The X-ray generating approach according to claim 1 characterized by carrying out the monitor of 
the wave- front condition of the laser beam after said space phase adjustment furthermore, and enabling it to 
check the time amount wave adjustment situation of said laser beam. 

[Claim 3] The flux of light which forms said fourier side is the X-ray generating approach according to 

claim 1 or 2 characterized by being formed of a spectral decomposition optical element. 

[Claim 4] The strength property of said X-ray to measure is the X-ray generating approach given in either of 

claims 1 -3 characterized by performing adjustment of said pulse period wave based on the measurement 

value of the X-ray intensity in specific wavelength including a wavelength property. 

[Claim 5] The X-ray generating approach given in either of claims 1-4 characterized by using ultrashort 

light pulse laser for said laser beam. 

[Claim 6] The X-ray generating approach given in either of claims 1 -5 characterized by being that in which 
the pulse period wave pattern of the laser beam in the location which condensed at said target has two or 
more peaks. 

[Claim 7] The X-ray generating approach according to claim 6 characterized by for said pulse period wave 
having two peaks, and adjusting space phase distribution of a laser beam by making the intensity ratio and 
time interval of a pulse and a consecutive pulse to precede into a parameter. 

[Claim 8] In the X-ray generator which irradiates a laser beam at a target and is made to generate an X-ray It 
has the device and the space phase distribution adjustment device of a laser beam which disassemble the 
spectrum of a laser beam in the direction perpendicular to an optical axis in laser beam transmission optical 
system, and the convergence device of a laser beam. Arrange in the target section the X-ray measuring 
device which measures the reinforcement of a generating X-ray, measure the reinforcement of an X-ray with 
this X-ray measuring device, and said space phase distribution adjustment device adjusts the effectual 
optical path length for every part of said flux of light based on this measurement result. The X-ray generator 
characterized by adjusting so that it may become the predetermined pattern in which the pulse period wave 
of the laser beam in the location which condensed at said target has two or more peaks and X-ray intensity 
may become proper. 

[Claim 9] Furthermore, the X-ray generator according to claim 8 characterized by arranging the measuring 
device which measures the pulse shape of a laser beam in the location which passed said space phase 
distribution adjustment device, carrying out the monitor of the pulse period wave of this laser beam, and 
rationalizing the adjustment condition of said space phase distribution adjustment device. 
[Claim 1 0] The device which disassembles the spectrum of said laser beam is an X-ray generator according 
to claim 8 or 9 characterized by for the spectral decomposition optical element containing a diffraction 
grating or prism decomposing the spectrum of a laser beam into laser beam transmission optical system, and 
developing to space. 
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[Claim 1 1 ] The X-ray generator according to claim 1 0 characterized by the device which develops the 
spectrum of said laser beam consisting of the pulse stretchers or pulse compressors which are used for the 
chirp multiplication mechanism of ultrashort light pulse laser. 

[Claim 12] An X-ray generator given in either of claims 8-1 1 characterized by said laser beam being 
ultrashort light pulse laser. 

[Claim 13] Said X-ray measuring device is an X-ray generator given in either of claims 8-12 characterized 
by being able to measure a wavelength property and adjusting said space phase distribution adjustment 
device based on the laser reinforcement in specific wavelength. 

[Claim 14] Said space phase distribution adjustment device is an X-ray generator given in either of claims 8- 
13 characterized by having a good deformation mirror, adjusting the irregularity of a reflector locally for 
every, laser beam incidence location, and controlling the effectual optical path length of a laser beam. 
[Claim 15] Said space phase distribution adjustment device is an X-ray generator given in either of claims 8- 
1 3 characterized by controlling the effectual optical path length of a laser beam using the transparency mold 
optical element which can adjust a refractive index locally. 

[Claim 16] An X-ray generator given in either of claims 8-15 characterized by for said pulse period wave 
having two peaks, and adjusting space phase distribution of a laser beam by making the intensity ratio and 
time interval of a pulse and a consecutive pulse to precede into a parameter. 



[Translation done.] 



http://ww4.ipdl.ncipi.go.jp^^ 12/15/2005 



JP,2003-272892,A [DETAILED DESCRIPTION] 



Page 1 of 6 



* NOTICES * 

JPO and NCIPI are not responsible for any 
damages caused by the use of this translation. 

1 .This document has been translated by computer. So the translation may not reflect the original precisely. 
2.**** shows the word which can not be translated. 
3. In the drawings, any words are not translated. 



DETAILED DESCRIPTION 



[Detailed Description of the Invention] 
[0001] 

[Field of the Invention] This invention relates to the X-ray generating approach and equipment which are 
made to generate the X-ray of specific wavelength especially using high power ultrashort light pulse laser 
about the X-ray generating approach and equipment which irradiate a laser beam at a target and are made to 
generate an X-ray. 
[0002] 

[Description of the Prior Art] If a high intensity laser beam is irradiated in a surface of metal, the X-ray of 
high brightness will occur from the plasma formed in a surface of metal. The X-ray of the very high 
brightness in comparatively low energy is obtained by using especially an ultrashort light pulse laser beam. 
An X-ray output is influenced by very many parameters, such as the quality of the material of a target, a 
configuration, wavelength of a laser beam, space intensity distribution, and a time amount wave, in the X- 
ray generator which irradiates ultrashort light pulse laser at a target, and obtained the X-ray. 
[0003] However, since the approach by adjustment of pulse separation etc. was used when using the 
synthetic reinforcement of a laser beam, i.e., the energy intensity as an integral value covering the whole 
wavelength, or a pulse laser, the conventional X-ray output control was difficult for controlling an X-ray 
output to a precision. Moreover, although the focus of the condensing system of a laser beam is shifted and 
he is trying to adjust the energy intensity of a laser pulse X-ray conventionally, since the space intensity 
distribution of the laser itself were not able to be changed, optimal adjustment was not able to be carried out. 

[0004] For example, the pulse X-ray irradiation equipment which adjusted the reinforcement of the last 
pulse laser shot to JP,9- 184900, A so that the reinforcement of the generated X-ray might be measured and 
X-ray light exposure might be in agreement with the set point is indicated. Beam adjustment on the strength 
is performed by using the transmission adjustable filter prepared into the optical path, and the time 
difference of the actuation start signal of a Q switch, and the excitation start signal of a laser medium in Q 
switched laser equipment etc. Although the output of a pulse X line source swings for every shot, the 
amount of setting X-ray irradiation and the amount of addition X-ray irradiation can be made in agreement 
according to this equipment. 

[0005] Moreover, it is known by irradiating a first preliminary laser pulse at a target, generating the plasma, 
irradiating a main pulse after that, and making a predetermined X-ray emit from the plasma that a pulse laser 
X-ray can be generated efficiently. There was the approach of controlling electrically the quantity of light of 
flash lamps for excitation, such as pulse modulation, as an approach of acquiring the time amount wave of 
the laser beam conventionally used for such the purpose. However, a limitation forms the pulse separation of 
ms level and it was not able to control the time amount wave of the ultrashort light pulse laser of fs level by 
this approach from ps especially. 

[0006] As a thing for a super-**** laser pulse, as make a laser beam into a main pulse and a subpulse by the 
beam splitter for 2 minutes, a delay circuit is delayed through a main pulse to JP,8-213192,A, a metal target 
is irradiated in front of a main pulse (delay pulse) by making a subpulse into an advanced pulse and the 
reserve plasma is generated, the laser plasma X-ray generator it was made to modulate X dosage by time 
delay control is indicated. The whole input laser beam is carried out by the beam splitter for 2 minutes, the 
laser beam which has the time amount wave which had two peaks by making it run the separate laser beam 
transmission line where the optical path lengths differ, and delaying one side to another side is formed, and 
the yield of an X-ray is controlled by this indication equipment. 
[0007] 
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[Problem(s) to be Solved by the Invention] However, when using an operation of an X-ray, the energy on 
the whole is not only made an issue of, but the absorption reaction of a chemical or a biological substance, 
manufacture of the integrated circuit which used the single wavelength X-ray, etc. serve as an interest with 
the serious X-ray operation in specific wavelength in many cases. However, the easy approach of 
controlling the reinforcement of the specific spectral line is not developed yet. Then, the technical problem 
which this invention tends to solve is equipment which irradiates the laser beam of high intensity, such as 
ultrashort light pulse laser, at a target, and is made to generate an X-ray, and is offering the X-ray generator 
equipped with the device a pulse laser's being adjusted so that the reinforcement of an X-ray, especially the 
X-ray intensity of the specific wavelength to need may be controlled alternatively. 
[0008] 

[Means for Solving the Problem] In order to solve the above-mentioned technical problem, the X-ray 
generating approach of this invention applied to the X-ray generator which irradiates a laser beam at a target 
and is made to generate an X-ray It is the thing which changes the effectual optical path length for every part 
of the flux of light by which the spectrum of a laser beam forms a breadth fourier side in the direction 
perpendicular to an optical axis all over a transmission line, space phase distribution is adjusted [ thing ], 
and it converges [ thing ] again after that, and makes a target condense. While adjusting space phase 
distribution of a laser beam and using the pulse period wave of the laser beam in a condensing location as a 
predetermined pattern The strength property of the X-ray to generate is measured and it is characterized by 
adjusting the pulse period wave of a laser beam so that X-ray intensity may become proper based on the 
measurement result of an X-ray intensity property. 

[0009] Since space phase distribution of a laser beam be adjust by adjust the flux of light ( fourier side ) to 
which the spectrum spread in the direction perpendicular to an optical axis using spectral decomposition 
optical elements , such as a diffraction grating and prism , in one pulse laser so that the optical path lengths 
may differ for every part according to the X-ray generating approach of this invention , the laser beam on 
which it converge again and which be irradiate by the target side can have the time-amount wave which had 
a peak in the suitable location . Then, since generating of an X-ray is controlled by measuring the property 
of the generated X-ray and feeding back the measurement result to the space intensity-distribution pattern of 
a laser beam, an X-ray with which the target property takes the optimal value can be generated efficiently. 
[0010] In addition, while carrying out the monitor of the wave-front condition of the laser beam in 
transmission optical system and checking the space intensity-distribution adjustment situation of a laser 
beam, it is desirable to adjust the parameter related to space intensity distribution suitably, and to rationalize 
an X-ray. Although there is no method of getting to know the space intensity distribution of the laser beam 
in a target location directly Branch by the beam splitter in a part of transmission beam, and presume the 
space intensity distribution in a target location from the condensing pattern (far field pattern), or It is 
because an adjustment result can be presumed from the wave-front condition of a laser beam, and is because 
a result can be exactly grasped when the parameter which influences a space intensity-distribution pattern by 
getting to know the wave- front condition of a laser beam directly is adjusted. 

[001 1] A wavelength property is measured as a strength property of an X-ray, and you may enable it to 
adjust the wave-front condition of a laser beam based on the measurement value of the X-ray intensity in the 
specific wavelength made into the purpose. As for the X-ray to generate, it is desirable to make it the 
reinforcement of the predetermined wavelength component decided by the purpose become strong. If the 
wavelength property of an X-ray can be measured, the X-ray intensity of the purpose wavelength is 
measured, and space intensity distribution can be adjusted so that this reinforcement may become large. 
[0012] In addition, the approach of this invention can be applied also when pulse width generates an X-ray 
using ultrashort light pulse laser only with a femtosecond from a picosecond. Since the energy of very high 
reinforcement can be given although it is a short time if ultrashort light pulse laser is used, the target matter 
is plasma-ized efficiently and the efficient outbreak of an X-ray is possible. Moreover, since ultrashort light 
pulse laser has spectral characteristics with wide width of face, a space phase distribution change device acts 
effectively. 

[0013] The time amount wave of the laser beam in the location which condensed at the target here If what 
has some peaks is desirable, and the plasma is heated at a consecutive peak and it is made to make an X-ray 
for there to be especially two peaks, and for the peak preceded in time to carry out the preheating of the 
target, to make the plasma emit, and emit Since time amount which maintains the temperature condition of 
raising the absorption coefficient of a consecutive main pulse, and generating a predetermined X-ray when a 
precedence pulse generates the plasma on a target front face beforehand is lengthened, an X-ray with the 
property corresponding to plasma energy can be generated efficiently. 
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[0014] In addition, since the intensity ratio and time interval of two peaks have the yield of an X-ray, and 
big correlation, the space phase part blanket-like voice of a laser beam can be adjusted by the ability making 
these into a parameter, and an X-ray yield can be controlled. Thus, the X-ray intensity in predetermined 
wavelength is automatically controllable by measuring the wavelength property of the X-ray generated from 
a target according to the correlation of the X-ray and laser beam property to generate, and feeding back to a 
space phase distribution change device. 

[0015] In order to solve the above-mentioned technical problem, moreover, the X-ray generator of this 
invention It has the device and the space phase distribution adjustment device of a laser beam which develop 
the spectrum of a laser beam in the direction perpendicular to an optical axis, and the convergence device of 
a laser beam into laser beam transmission optical system. Arrange in the target section the X-ray measuring 
device which measures the reinforcement of a generating X-ray, and the reinforcement of an X-ray is 
measured with this X-ray measuring device. By adjusting the effectual optical path length for every 
spectrum of a laser beam according to a space phase distribution adjustment device based on the 
measurement result It is characterized by adjusting so that it may become the predetermined pattern in 
which the pulse period wave of the laser beam in the location which condensed at the target has two or more 
peaks and X-ray intensity may become proper. 

[0016] Since the X-ray generator of this invention adjusts the wave-front condition of a laser beam so that it 
may become a time amount wave in the target location for which it presumes and asks based on the result of 
having measured the property of an X-ray, it is controllable in the optimal condition that description of the 
X-ray to generate is desired. Furthermore, in the X-ray generator of this invention, it is desirable to arrange 
the measuring device which measures the time amount wave of a laser beam into laser beam transmission 
optical system, to carry out the monitor of the wave-front condition of a laser beam, and to rationalize the 
laser beam adjustment approach of a space phase distribution adjustment device. 

[0017] In addition, the laser beam to be used may be ultrashort light pulse laser. The device which develops 
the spectrum of a laser beam can consist of the pulse stretchers or pulse compressors which are used for the 
chirp multiplication mechanism of ultrashort light pulse laser. Furthermore, as for an X-ray measuring 
device, it is desirable to constitute so that a space phase distribution adjustment device may be adjusted 
based on the laser reinforcement in the specific wavelength which measures a wavelength property and was 
extracted from the measurement result. By measuring the wavelength property of an X-ray, the X-ray of the 
specific wavelength required of an X-ray generator is alternatively controllable. 

[0018] In addition, the time amount wave of the laser in a target location is the space phase distribution 
change device in which for example, the good deformation mirror was used, and can be adjusted by 
changing the optical path length of a laser beam who forms irregularity in the front face of a reflective 
location locally, and is reflected in it. The irregularity of 1mm of a good deformation mirror front face 
corresponds to optical-path-length change which makes time amount change of about 3 ps(es). Since the 
effect to X-ray intensity is observed from the time interval of Number fs, sufficient operation effectiveness 
has it by using a good deformation mirror. 

[0019] Moreover, a space phase change device can also be constituted using light transmission matter to 
which a refractive index can be changed locally, such as liquid crystal and an acoustooptics component. In 
addition, especially the time amount wave of the laser beam in the location which condensed at the target 
can control the X-ray yield of specific wavelength by having two peaks and adjusting a peak intensity ratio 
or peak spacing. 
[0020] 

[Embodiment of the Invention] This invention is explained to a detail using an example below. The block 
diagram in which drawing 1 shows the configuration of the X-ray generator of this example, the conceptual 
diagram showing the example of the space phase distribution adjustment device in which drawing 2 is used 
for this example, the drawing in which the example of a time amount wave of a laser beam [ in / in drawing 
5 / a condensing location ] is shown, the flow Fig. having shown a control flow [ in / in drawing 4 / the 
equipment of this example ], and drawing 5 are the conceptual diagrams showing another example of the 
space phase distribution adjustment device in which it uses for this example. 

[0021] The X-ray generator of this example is equipped with the ultrashort light pulse laser generator 1, the 
space phase distribution adjustment device 3, a reflecting mirror 4, a lens 6, the target 7 set in the vacuum 
housing 9, X-ray spectrometer 10, the wave instrumentation 12, a data processor 13, and a control unit 14 as 
shown in drawing 1 . After carrying out wave-front phase distribution adjustment of the laser beam 2 
generated with the ultrashort light pulse laser generator 1 by the space phase distribution adjustment device 
3, the target 7 which supplied to the lens 6 with the reflecting mirror 4, and was set in the vacuum housing 9 
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is made to condense, and X-ray 8 is generated from the generated plasma. 

[0022] It is prepared in the vacuum housing 9 so that X-ray spectrometer 10 may not become an obstacle to 
X-ray use, and X-ray intensity wavelength distribution of generated X-ray 8 is measured. Moreover, a 
reflecting mirror 4 has the property which penetrates a part of laser beam, and carries out incidence of the 
transmitted laser 1 1 to the wave measuring instrument 12 which measures a time change of a laser beam on 
the strength [ optical ]. 

[0023] The space phase distribution adjustment device 3 develops a laser beam to space, changes the 
effectual optical path length partially, and adjusts a time amount wave to a predetermined pattern. The space 
phase distribution adjustment device 3 shown in drawing 2 arranges two convex lenses (collimation lens) or 
concave mirrors 33 and 34 between one pair of diffraction gratings 3 1 and 32, and inserts the transparency 
mold optical elements 35, such as liquid crystal which serves as a spatial filter in the middle of the convex 
lens or a concave mirror. It shows the ultrashort light pulse laser which carries out incidence to a diffraction 
grating 3 1 with a reflecting mirror 36, and if the beam by which conversion was carried out by the 
diffraction grating 3 1 is made into the parallel flux of light with a convex lens 33, the so-called fourier side 
over which it is developed according to wavelength in the direction perpendicular to an optical axis, and a 
wavelength component is distributed spatially will be formed. 

[0024] The transparency mold optical element 35 inserted in this fourier side adjusts space phase 
distribution by changing a refractive index for every part of the fourier side, and changing the effectual 
optical path length. For example, since a crystallized state changes with the electric fields to impress 
continuously, liquid crystal can adjust an optical refractive index for every part of a light transmission side 
by adjusting the applied voltage for every partition, the control signal with which the space phase 
distribution adjustment device 3 is given from a control unit 14 - following — for example, a long wave - if 
the refractive index by the side of short wavelength is small enlarged for the refractive index by the side of 
merit and a difference is given to the pass time for every part, a laser beam will be made time for 2 minutes, 
a part of energy will precede, and a part of energy will come to be delayed. 

[0025] It is made to converge on a diffraction lattice plane with a convex lens, and this flux of light is 
compounded by the again thin laser beam, and is injected on the same optical axis as an incident beam with 
a reflecting mirror, and a target 7 is made to condense it with a convergent lens 6. The time amount wave of 
the laser beam in a condensing location consists of a main pulse of the value Pm on the strength [ optical ] 
for which only time amount b was delayed to the precedence pulse and precedence pulse of the value Ps on 
the strength [ optical ], as shown in drawing 3 . 

[0026] A precedence pulse makes the front face of a target 7 generate the plasma, and raises the absorption 
efficiency of the energy of a main pulse. Moreover, when the energy of the ultrashort light pulse laser for 
one shot does not change, time amount holding proper plasma temperature can be lengthened more by 
adjusting the energy distributed to a precedence pulse and a main pulse. Moreover, the time interval b of 
both pulses affects the yield of an X-ray. Therefore, the wavelength component and reinforcement of an X- 
ray are automatically controllable by measuring the wavelength property of the X-ray generated with X-ray 
spectrometer 10, and adjusting the ratio of the value Ps of a precedence pulse on the strength [ optical ], and 
the value Pm of a main pulse on the strength [ optical ], and the time interval b of a pulse with a control unit 
14 based on the result of having calculated the reinforcement of the X-ray of the wavelength needed with a 
data processor 13. 

[0027] The control procedure in the X-ray generator of this example is roughly shown in drawing 4 . X-ray 
intensity wavelength distribution of X-ray 8 which X-ray spectrometer 10 generated is measured, and a 
measurement result is transmitted to a data processor 13 (SI). A data processor 13 evaluates the X-ray 
spectrum corresponding to the purposes, such as reinforcement in predetermined wavelength, based on the 
measurement result of X-ray intensity distribution (S2). Furthermore, the amount which a control parameter 
should fluctuate based on an evaluation result is calculated. By supplying an indication signal to a control 
unit 14 (S3), a control unit's 14 operating the transparency mold optical elements 35, such as liquid crystal 
in the space phase distribution adjustment device 3, changing the optical path length for every part of the 
fourier side, and adjusting the phase of a laser beam wave, (S4), The time amount wave in target 7 front face 
which a laser beam condenses is adjusted, and it is made for wavelength distribution of the X-ray emitted 
from the plasma generated on the front face of a target 7 to become a desirable pattern. 
[0028] Moreover, the wave instrumentation 12 measures the result of having adjusted the time amount wave 
of a laser beam by the optical element 35, and gives a measurement result to a data processor 13 (S5). By 
comparing the measurement result of an X-ray spectrum, and the time amount wave measurement result of a 
laser beam, a data processor 13 judges the time amount wave of a suitable laser beam, in order to acquire a 
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required X-ray property, and it generates the indication signal over the control unit 14 in the above- 
mentioned procedure S3 (S6). 

[0029] When the effectual optical path length is changed to the fourier side for every part of the laser beam 
which carried out frequency expansion and it re-converges on it, the laser plasma X-ray generator of this 
example can be adjusted so that the time amount wave of a laser beam may have a precedence pulse and a 
main pulse, it can make a target able to generate the plasma beforehand, and can generate an X-ray 
efficiently. And since the optical intensity ratio and time interval of an X-ray property, the precedence pulse 
which governs an yield, and a main pulse can be adjusted easily, the measurement result by X-ray 
spectrometer can be fed back, and an X-ray output control can be performed automatically. 
[0030] The X-ray intensity in a certain specific wavelength required in order to follow, for example, to use 
an X-ray can be detected, and it can adjust so that this may become max. In addition, the condition of having 
adjusted by the space phase distribution adjustment device 3 can be checked with the wave measuring 
instrument 12. The measurement result of a time amount wave of a laser beam analyzes relevance with X- 
ray intensity, and it uses it in order to make the optimal pulse period spacing and a pulse amplitude ratio. 
Furthermore, it is also possible to search for the optimal pulse amplitude ratio automatically using the 
control system which scans pulse period spacing sequentially as a parameter, for example. 
[003 1 ] In addition, even if the quality of the material, configuration, or surface treatment condition of a 
target is different, the X-ray generator of this example can optimize the space intensity distribution of a laser 
condensing beam in the same procedure, and can perform adjustment of the target X-ray on the strength. 
Moreover, although ultrashort light pulse laser was used in this example, when using other laser beams, it 
cannot be overemphasized that the completely same device is applicable. Furthermore, although the laser 
beam was extended to the fourier side by the diffraction grating and space phase distribution was adjusted in 
explanation of this example, space phase distribution adjustment may be performed to what only widened 
the flux of light. 

[0032] Drawing ^ is a block diagram explaining the example of the space phase distribution adjustment 
device 3 in which the reflecting optical system which replaces with a transparency mold optical element and 
consists of a good deformation mirror was used, in this example. A good deformation mirror adjusts the 
electrical potential difference which can be located in a line in the shape of an array, and adds a laminating 
piezo-electric element to each piezo-electric element to the flesh side of the reflecting mirror plate which 
gave reflective coating to the front face of a thin quartz plate, for example, and it is made to make arbitration 
transform a mirror plane into it using an electrostrictive effect. In addition, there are good deformation 
mirrors, such as a bimorph mold and a membrane mold, besides this. The time amount which the effectual 
optical path length is changed and reaches a target can be adjusted by adjusting the irregularity of a 
reflector. If catoptric system is used, a laser beam with more strong energy can be treated. 
[0033] As shown in drawing, the space phase distribution adjustment device 3 using a good deformation 
mirror serves as the parallel flux of light by which was introduced into the diffraction grating 41 with the 
reflecting mirror 46, and frequency decomposition was carried out in the direction perpendicular to an 
optical axis with the convex lens 43, and carries out incidence of the ultrashort light pulse laser to the good 
deformation mirror 45. The shape of surface type of the good deformation mirror 45 is formed in the 
configuration with a stage where the control unit 1 4 adjusted to arbitration for every part, for example, made 
the left-hand side part in drawing project, and the right-hand side part was retreated etc. The irregularity of 
1mm of a good deformation mirror front face is equivalent to optical-path-length change which makes time 
amount change of about 6 ps(es). It converges on the diffraction lattice plane 42 with a convex lens 44, and 
the parallel flux of light reflected in the good deformation mirror 45 is emitted in the direction of the 
convergent lens which condenses laser on a target front face as a laser beam which had the original optical 
axis with the reflecting mirror 47. 

[0034] Since the optical path lengths differ with the beam of light reflected on the front face made to project, 
and the beam of light reflected on the front face which retreated, the laser beam to which it is emitted from a 
reflecting mirror 47 and which is irradiated by the target will have a time amount wave with two peaks. 
Since the effect to X-ray intensity is observed from the time interval of Number fs, sufficient operation 
effectiveness has it by using a good deformation mirror. In addition, since the shape of surface type of a 
good deformation mirror can be chosen as arbitration, the reinforcement for every peak and the time interval 
between peaks can be adjusted to the time amount wave of a laser beam, or two or more peaks can be eiven 
[0035] & 

[Effect of the Invention] If the X-ray generator or the X-ray generating approach of this invention is used, 
when generating the plasma with laser and making an X-ray emit, adjustment of an X-ray on the strength' 
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can be carried out, and the reinforcement of the X-ray of specific wavelength can be adjusted especially 
alternatively. 

[Translation done.] 
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1 .This document has been translated by computer. So the translation may not reflect the original precisely. 

2 **** s hows the word which can not be translated. 
3 .In the drawings, any words are not translated. 
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